1. Introduction {#s0005}
===============

Post-operative pain of root treated teeth is defined as pain of any degree after initiation of endodontic treatment ([@b0175]). Therefore, pain after endodontic treatment can occur during intra-appointment or post-obturation in multiple visits or single visit endodontic treatment. Postoperative pain also includes endodontic flare-ups which are defined as strong pain with or without swelling that occurs after initiation or continuation of root canal treatment ([@b0155]). Occurrence of post-operative pain can be very unpleasant for both patients and clinicians. Varied postoperative pain incidences have been reported ranging from 1.9% to 48% ([@b0045]) from studies based on various factors including single visit ([@b0005]) versus multiple visit endodontic treatment ([@b0045], [@b0115]). Other factors studied in association with post-operative pain include type of intracanal medicament ([@b0135]), root canal instrumentation protocol (enlargement /non enlargement of apical foramen) ([@b0120]) and status of the pulp ([@b0075]).

The most common cause of postoperative pain is micro-organisms while other causes include mechanical or chemical injury to pulpal or periapical tissues ([@b0135]). Micro-organisms have also been implicated in the pathogenesis of the periradicular lesions such that success of endodontic treatment depends on their reduction or elimination ([@b0145], [@b0035], [@b0015], [@b0030]). Reduction or elimination of micro-organisms from the root canal system is achieved by chemo-mechanical preparation. The chemical preparation involves the use of irrigating solutions and intracanal medicaments. Calcium hydroxide is one of the most widely used intracanal medications in patients undergoing multiple visit endodontics ([@b0140], [@b0105], [@b0100], [@b0095], [@b0020], [@b0150], [@b0125]). Its antibacterial action is via release of hydroxyl ions, which kill or inactivate bacteria ([@b0105], [@b0060]). It has also been observed that the vehicle used in mixing calcium hydroxide determines its working characteristics ([@b0040], [@b0130], [@b0025]). Calcium hydroxide is reported to be ineffective against all bacteria species especially *Enterococcus faecalis* found in the root canal. It was suggested that calcium hydroxide should be used in combination with other medicaments so as to enhance its efficacy ([@b0040], [@b0130], [@b0025]). Different vehicles that have been used to mix calcium hydroxide powder include distilled water, dental anaesthetic solution, normal saline solution, ringers' solution several others ([@b0065], [@b0050]) and more recently, chlorhexidine ([@b0050], [@b0110]). The efficacy of calcium hydroxide is affected by its dissociation capability which is determined by the type of vehicle used to mix it ([@b0125], [@b0040], [@b0090]). While it has been observed that the mixture of calcium hydroxide and chlorhexidine showed synergistic action and greater efficacy than calcium hydroxide alone ([@b0060], [@b0110], [@b0165]). The purpose of this clinical study was to compare the incidence of postoperative pain after the use of calcium hydroxide powder mixed with normal saline or 0.2% chlorhexidine digluconate as intracanal medicament in the treatment of apical periodontitis.

2. Materials and method {#s0010}
=======================

This study was part of a larger study which was a randomized controlled clinical trial carried out at the Restorative Dental Clinic of the Lagos University Teaching Hospital, Lagos, Nigeria. Approval was obtained from the Hospital's Research and Ethics committee. The study was carried out on patients that were 17 years and above with teeth diagnosed as having apical periodontitis and required endodontic treatment. The patients included in the study gave written informed consent. Treated teeth included those with apical periodontitis with none or minimal (2.0 × 2.0 mm) periapical radiolucency and are restorable, have closed apex and favourable root morphology. Exclusion criteria included teeth with dento-alveolar abscess or swelling, re-treatment cases, periodontally compromised teeth, teeth that require surgical endodontics and those that required more than two endodontic treatment visits. Also, excluded are medically immune compromised patients.

The teeth were divided into two groups by randomization (balloting). Group A was the control group and comprised teeth treated with calcium hydroxide mixed with normal saline intracanal medicament. Group B was the experimental group and comprised teeth treated with calcium hydroxide mixed with 0.2% chlorhexidine digluconate intracanal medicament. Where a subject had more than one tooth for treatment, each tooth was assigned by balloting. Incisor, canine and premolar and molar teeth were treated. The subjects in each group were reviewed at one day, one week, one month, three months and six months. The sample size was calculated ([@b0170]) to be approximately 25 teeth per group based on the results of previous studies representing the control ([@b0195]) and experimental ([@b0180]) groups respectively. To ensure validity and correctness for possible attrition, teeth treated in each group were increased to 35 giving a total of seventy teeth treated.

2.1. Treatment protocol {#s0015}
-----------------------

A detailed history, clinical examination, investigations, diagnosis and treatment planning were done for each patient. Root canal treatment was performed by the same endodontist. Carious cavities were restored as required with the use of either amalgam, composite or glass ionomer cement. All operative procedures were undertaken under local anaesthesia and rubber dam isolation. Standard infection protocol was observed. Irrigation of the canals was done using 2% sodium hypochlorite solution (Milton). The orifices of the root canals were located with the aid of loupes (Stardent, France). The working length was determined by the use of the paralleling radiographic method with the use of XCP kit (Dentsply) and was estimated at 0.5 mm short of the radiographic apex, using K-files with stoppers. The apical stop was prepared 2--3 file sizes larger than the first file that bound snugly at the apex. The last file used to work the apex was the master apical file. The step-back biomechanical preparation technique was performed on each canal using manually operated files. The last irrigating solution used in each tooth was normal saline. The canals were then dried with paper point before canal dressings were placed in the canals. Mixtures of calcium hydroxide/normal saline were placed into the canals of teeth in Group A using lentulo spiral fillers (Henry Schein) and calcium hydroxide/0.2% chlorhexidine digluconate (Corsodyl^R^) mixture was placed in teeth of Group B.

A sterile cotton wool pellet was placed on the pulp chamber floor to cover the pulp canal orifices and the access cavity packed with zinc phosphate cement. The dressing was left in-situ for seven days (Barbosa et al., 1997; Sjogren et al., 1991). At the second visit, teeth were examined to note if the zinc phosphate dressing was intact, the tooth symptom free i.e. no pain, tenderness or associated swelling. The dressing was then removed and the following assessments made: the cotton pellet for wetness, the canal for foul smell or exudate discharge from the canal. All the teeth that were symptom free were then obturated.

The master cone was selected based on the size of the last file that was used to work the apex. A master cone radiograph was then taken to confirm this. Sealing of the canal was done with appropriate sizes of gutter-percha, AH26 as the sealant, and adequate number of accessory cones using the cold lateral compaction technique. The access cavities were filled appropriately using composite (20/20 Composite, Henry Schein) for the anterior teeth and amalgam (Ivoclar vivadent) for the posterior teeth.

2.2. Evaluation of teeth at recall visits {#s0020}
-----------------------------------------

Assessment for incidence of post-operative pain was done at one day, one week, one month, three months and six months post-obturation. The patients were reminded of their appointment by telephone calls. At each follow up visit, clinical assessment of the treated teeth was carried out by two experienced endodontists who were blinded to the treatment received by the teeth. Assessment for incidence of post-operative pain was part of the evaluation done in a larger study using the Quality guidelines for endodontic treatment: Consensus Report of the European Society of Endodontology 2006 ([@b0055]). Pain assessment was done using the universal pain assessment tool and also whether or not analgesic was used ([@b0185]).

2.3. Data analysis {#s0025}
------------------

Data were analysed using Epi info 2000 (window version) and presented using tables and bar and pie charts. Association between age, sex, pain score and other symptoms using chi squared test or Fisher exact test was determined (significance level set at *p* \< 0.05). Comparison of pain score between the two groups was done using Mann--Whitney Rank-Sum.

3. Results {#s0030}
==========

3.1. Sample demography {#s0035}
----------------------

Seventy teeth in fifty-five patients were treated and reviewed. In forty-three patients a single tooth was treated and reviewed, while in eleven others two teeth were treated and reviewed. In one patient five teeth were treated and reviewed. The study population comprised of 27 males and 28 females with an age range of 17--60 years (mean 34.8, SD ± 9.91). The two treatment groups were similar with respect to age, gender and teeth treated (*p* \> 0.05) [Table 1](#t0005){ref-type="table"}.

3.2. Pre-operative signs and symptoms {#s0040}
-------------------------------------

There was no statistical significant difference in the distribution of signs and symptoms of pain at the onset of this study between the two treatment groups ([Table 1](#t0005){ref-type="table"}).

3.3. Incidence of post-operative pain {#s0045}
-------------------------------------

A post-operative review of the incidence of pain showed a marked decrease from the pre-operative pain in the two treatment groups. The incidence of pain in the two treatment groups occurred only at 1-day and 1-week post-operative review periods. In the normal saline treatment group, the overall incidence was the same at both 1-day and 1-week post-operative reviews (5.7%). The overall pain incidence at 1-day postoperative review for the chlorhexidine treatment group was 17.2% while there was a slight decrease in pain incidence (11.4%) by 1-week post-operative review. There were no significant statistical differences in incidence between the two treatment groups (*p* \> 0.05) ([Table 2](#t0010){ref-type="table"}).

On the intensity of pain, at both 1-day and 1-week post-operative reviews 2(5.7%) patients in the normal saline treatment group reported the pain as being the worst possible pain for which they took analgesics. On the other hand, 6(17.2%) patients in the chlorhexidine treatment group reported pain at 1-day post-operative review. Of the 6 patients, 2(5.7%) had mild pain, 2(5.7%) had severe pain and 2(5.7%) had the worst possible pain. Therefore, endodontic flare-ups (severe and worst possible pain) for the normal saline group were 5.7% while it was 11.4% for the chlorhexidine group at 1-day postoperative review, ([Table 3](#t0015){ref-type="table"}).

At the 1-week post-operative review 4(11.4%) patients in the chlorhexidine treatment group took analgesics for the relief of pain, of these, 2(5.7%) of them reported the pain as severe and 2(5.7%) reported it as the worst possible pain. The incidence of worst possible pain was the same 2(5.7%) in both groups. A comparison of the pain score between the two groups at both 1-day and 1-week post-operative reviews showed that the difference was not statistically significant (*p* \> 0.05) ([Tables 3](#t0015){ref-type="table"}).

Incidence of post-operative pain at 1-day and 1-week post-operative reviews for matched tooth types and age group and gender in the normal saline treatment group showed no statistically significant difference (*p* \> 0.05) [Table 4](#t0020){ref-type="table"}. However, the association between age, gender, tooth type and incidence of pain at both 1-day and 1-week post-operative reviews showed that incidence of post-operative pain was more in females than in males. This difference was statistically significant in the chlorhexidine treatment group at 1-day post-operative review (*p* = 0.02) ([Table 5](#t0025){ref-type="table"}). Also showing statistically significant difference in the chlorhexidine but not in the normal saline treatment group was the incidence of post-operative pain in the tooth types at both 1-day and 1-week post-operative reviews (*p* = 0.02 and *p* = 0.003 respectively). The highest incidence of post-operative pain was recorded in the molars followed by the premolars. No incidence of pain was recorded in the anteriors ([Table 5](#t0025){ref-type="table"}).

4. Discussion {#s0050}
=============

In this study, both incidence of pain and pain intensity were recorded. Pain intensity was rated with the standardized validated universal pain assessment tool ([@b0185]), a verbal descriptor pain scale. This allowed for pain to be rated as none, mild (can be ignored), moderate (interferes with tasks or interferes with concentration), severe (interferes with basic needs), worst (bed rest required). Endodontic flare-ups were regarded as strong pain (severe and worst possible) ([@b0155]).

Findings in this study revealed that the overall incidence of pain was 5.7% at both 1-day and 1-week post-operative reviews in the normal saline treatment group and although the incidence was higher in the chlorhexidine treatment group (17.2% and 11.4% at 1-day and 1-week post-operative reviews respectively), the difference was not statistically significant. Postoperative pain incidences recorded were more of flare-ups in terms of intensity of pain. The incidence of pain from this study may have been affected by the non-removal of the smear layer using 17% EDTA and Sodium Hypochlorite combination. The smear layer is of varying thickness and may have limited the optimum penetration of the disinfecting agents used in this study.

[@b0010] reported a 24.1% incidence at 2-day and a 5.3% incidence at 7-day post-operative review. Their finding at 7-day post-operative review is similar to that of this study even though the intracanal medicament used by the authors was a proprietary calcium hydroxide paste. [@b0070] using a modified version of the 10-degree form of Visual Analogue Scale to measure the severity of pain 6 hourly for up to 72 h reported a 15% incidence of post-operative pain. This differs from the figures for this study possibly due to differences in the timing of post-operative review and the vehicle for mixing calcium hydroxide (aqua in the case of that study). Using similar rating criteria for pain as with this study, [@b0160] reported a 10% incidence of post-operative pain. This figure is also significantly higher than the incidence rate for the normal saline treatment group but comparable to that of chlorhexidine treatment group in this study. However, the specific period at which post-operative pain was assessed, as well as the vehicle used for mixing calcium hydroxide was not stated in that study. In a study by [@b0190] using calcium hydroxide mixed with 0.2% chlorhexidine as intracanal medicament, the authors examined the incidence of post-operative pain after endodontic retreatment comparing single-versus two-visit treatment protocols. They categorized each group into two on the basis of pain rating as asymptomatic and symptomatic. The authors rated pain as none, mild, moderate and severe. In the two treatment groups in the [@b0190] study, the authors observed a 19% incidence of pain in the pre-treatment asymptomatic group and 51.5% incidence from the pre-treatment symptomatic group. The observed combined incidence of post-operative pain at one week period in that study was 28.6%. This was significantly higher than the incidence of post-operative pain in the chlorhexidine treatment group in this study. The reason for this difference might be because their study was re-treatment based. Incidence of endodontic flare-ups defined as strong pain was reported to be 8.4% in a meta-analysis by [@b0155] while a similar incidence of 8.1% for multiple visit endodontic treatment was also reported by [@b0115]. These incidences for endodontic flare-ups are different from the result of this study being 5.7% for the normal saline group and 11.4% for the chlorhexidine group at 1-day postoperative review. Generally, differences in frequency levels of flare-ups in studies could be due to various study populations, different treatment protocols and various numbers and experience of operators ([@b0155]).

It was observed in the present study that female patients experienced more pain than male patients. This difference was statistically significant in the chlorhexidine treatment group but not in the normal saline group at 1-day post-operative review. This higher incidence in pain for females was also noted at 2-day post-operative review in a study by [@b0010] although they used a proprietary brand of calcium hydroxide paste. These authors considered two possible explanations for this observation: First, that difference in pelvic and reproductive organs may provide an additional portal of entry of infection in females leading to possible local and distant hyperalgesia. Second, that fluctuating female hormonal levels may be associated with changing levels of serotonin and nor-adrenaline leading to increased pain prevalence during the menstrual period and in women receiving hormonal replacement therapy or oral contraceptives. Although these aspects of gynaecological history were not taken in this study among the female subjects, a study to evaluate the association between post-operative pain and menstrual history or oral contraceptive use might be indicated in our local environment.

The incidence of pain in the different teeth types was statistically significant in the chlorhexidine treatment group at both the 1-day and 1-week post-operative review. This was consistent with the findings in the study by [@b0080] and also in the two-visit treatment arm in the study by [@b0085]. In the study by [@b0085], the incisors showed greater post-operative pain whereas the molars demonstrated a greater incidence of post-operative pain in this present study. However the results in this present study align with those of [@b0080] which also demonstrated greater incidence of post-operative pain in the molar teeth. The reasons for this could be because the molar has more than one root canal and it is the least accessible of all the tooth types. These make elimination of the root canal infection a greater challenge ([@b0080]).

5. Conclusion {#s0055}
=============

The incidence of pain in the early post-operative recall period (1st week) was lower in the normal saline treatment group, but the difference was not statistically significant. The occurrence of pain is uncommon after 1 week of treatment either with normal saline or 0.2% chlorhexidine digluconate as treatment vehicles.

The hypothesis that the incidence of postoperative pain after endodontic treatment will be reduced by the mixture of calcium hydroxide and 0.2% chlorhexidine digluconate as intracanal medicament can therefore not be accepted.
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###### 

Tooth distribution by age and gender.

  Variable        Group A (*n* = 35)   Group B (*n* = 35)   *X*^2^   *p*              
  --------------- -------------------- -------------------- -------- --------- ------ -------
  *Age (years)*                                                                       
  ⩾17--20         1                    2.9                  1        2.9              0.75ŧ
  21--30          19                   54.3                 20       57.3      0.06   0.80
  31--40          8                    17.1                 7        19.8      0.08   0.77
  41--50          2                    5.7                  4        11.4             0.33ŧ
  51--60          5                    8.6                  3        2.9              0.35ŧ
  **Total**       **35**               **100**              **35**   **100**          
                                                                                      
  *Gender*                                                                            
  Male            16                   45.7                 15       42.9      0.06   0.80
  Female          19                   54.3                 20       57.1      0.06   0.80
  **Total**       **35**               **100**              **35**   **100**          

ŧ Fisher exact *p*.

###### 

Comparison of incidence of pain and use of analgesics in the treatment groups.

  ----------------------------------------------------------------------------------
                        Group A (*n* = 35)\   Group B (*n* = 35)\   *X*^2^   *p*
                        Frequency (%)         Frequency (%)                  
  --------------------- --------------------- --------------------- -------- -------
  Pre-operative                                                              

  *Clinical findings*                                                        

  No signs/symptoms     10 (28.6)             10 (28.6)             0.00     1.00

  Symptoms of pain      25(71.4)              25 (71.4)             0.00     1.00

  Review periods                                                             

  *Incidence of pain*                                                        

  1 day                 2 (5.7)               6 (17.2)                       0.12ŧ

  1 week                2 (5.7)               4 (11.4)                       0.33ŧ

  *Use of analgesics*                                                        

  1 day                 2 (5.7)               4 (11.4)                       0.33ŧ

  1 week                2 (5.7)               4 (11.4)                       0.33ŧ
  ----------------------------------------------------------------------------------

ŧ Fisher exact *p*.

###### 

Comparison of pain intensity between the two treatment groups at 1-day and 1-week post-operative review using Mann--Whitney Rank-Sum.

  -----------------------------------------------------------------------------------
  Pain score       Group A (*n* = 35)\   Group B (*n* = 35)\   Mann--Whitney   
                   Frequency             Frequency                             
  ---------------- --------------------- --------------------- --------------- ------
  *1-Day*                                                                      

  None             33                    29                    1.39            0.16

  Mild             0                     2                                     

  Moderate         0                     0                                     

  Severe           0                     2                                     

  Worst possible   2                     2                                     

                                                                               

  *1-Week*                                                                     

  None             33                    31                    0.79            0.43

  Mild             0                     0                                     

  Moderate         0                     0                                     

  Severe           0                     2                                     

  Worst possible   2                     2                                     
  -----------------------------------------------------------------------------------

###### 

Association between age, gender, tooth type and incidence of pain in the normal saline treatment group at both 1-day and 1-week post-operative review.

  Variable               Incidence   *X*^2^*p*               
  ---------------------- ----------- ------------ ---------- -------
  *Age (years)*                                              
  ⩾17--20                0 (0)       1 (100)      1 (100)    0.16ŧ
  21--30                 0 (0)       19 (100)     19 (100)   
  31--40                 2 (25)      6 (75)       8 (100)    
  41--50                 0 (0)       2 (100)      2 (100)    
  51--60                 0 (0)       5 (100)      5 (100)    
                                                             
  *Gender*                                                   
  Male                   1 (6.25)    15 (93.75)   16 (100)   0.71ŧ
  Female                 1 (5.26)    18 (94.74)   19 (100)   
                                                             
  *Tooth type*                                               
  Maxillary anteriors    0 (0)       12 (100)     12 (100)   0.32ŧ
  Maxillary premolars    1 (10)      9 (90)       10 (100)   
  Maxillary molars       1 (33.33)   2 (66.67)    3 (100)    
  Mandibular anteriors   0 (0)       3 (100)      3 (100)    
  Mandibular premolars   0 (0)       2 (100)      2 (100)    
  Mandibular molars      0 (0)       5 (100)      5 (100)    

ŧ Fisher's exact *p*.

###### 

Association between age, gender, tooth type and incidence of pain in the chlorhexidene treatment group.

  Variable                       Incidence   *X*^2^*p*              
  ------------------------------ ----------- ----------- ---------- ------------
  1-Day post-operative review                                       
  *Age (years)*                                                     
  ⩾17--20                        0 (0)       1 (100)     1 (100)    0.29ŧ
  21--30                         2 (10)      18 (90)     20 (100)   
  31--40                         3 (42.85)   4 (57.15)   7 (100)    
  41--50                         1 (25)      3 (75)      4 (100)    
  51--60                         0 (0)       3 (100)     3 (100)    
                                                                    
  *Gender*                                                          
  Male                           0 (0)       15 (100)    15 (100)   0.02 \* ŧ
  Female                         6 (30)      14 (70)     20 (100)   
                                                                    
  *Tooth type*                                                      
  Maxillary anteriors            0 (0)       9 (100)     9 (100)    0.02 \* ŧ
  Maxillary premolars            1 (10)      9 (90)      10 (100)   
  Maxillary molars               3 (75)      1 (25)      4 (100)    
  Mandibular anteriors           0 (0)       2 (100)     2 (100)    
  Mandibular premolars           0 (0)       4 (100)     4 (100)    
  Mandibular molars              2 (33.33)   4 (66.67)   6 (100)    
  1-Week post-operative review                                      
  *Age (years)*                                                     
  ⩾17--20                        0 (0)       1 (100)     1 (100)    0.57ŧ
  21--30                         2 (10)      18 (90)     20 (100)   
  31--40                         2 (28.57)   5 (71.43)   7(100)     
  41--50                         0 (0)       4(100)      4(100)     
  51--60                         0 (0)       3(100)      3(100)     
                                                                    
  *Gender*                                                          
  Male                           0 (0)       15 (100)    15 (100)   0.09ŧ
  Female                         4 (20)      16 (80)     20 (100)   
                                                                    
  *Tooth type*                                                      
  Maxillary anteriors            0 (0)       9 (100)     9 (100)    0.003 \* ŧ
  Maxillary premolars            0 (0)       10 (100)    10 (100)   
  Maxillary molars               3 (75)      1 (25)      4 (100)    
  Mandibular anteriors           0 (0)       2 (100)     2(100)     
  Mandibular premolars           0 (0)       4 (100)     4 (100)    
  Mandibular molars              1 (20)      4 (80)      5 (100)    

ŧ Fisher's exact *p*.
